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(54) HIGH STRENGTH AND CONDUCTIVE COPPER ALLOY 

(57)Abstract: 

PURPOSE: To develop a copper allay for a spring having high strength and high electrical conductivity by 
specifying the compsn. constituted of Ti, Cr f Zr, Fe, Ni and Cu. 

CONSTITUTION: This is a copper alloy for a spring contg., by weight, 2.0 to 5.0% Ti, 0.01 to 0.6% Cr, 0.01 to 0.2%. 
Zr, 0.01 to 0.3% Fe and 0.01 to 0.3% Ni, and the balance Cu with inevitable impurities. By adding Cr and Zr to Cu-Ti 
alloy series, its strength is improved, and by adding Fe and Ni, mainly, its electrical conductivity is improved. This 
copper alloy is subjected to hot rolling, cold rolling and solution treatment, is again subjected to cold rolling and is 
subjected to aging treatment at 350 to 500° C, by which its characteristics of excellent strength and electrical 
conductivity can be obtd. without deteriorating its elongation and workability. 
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* NOTICES * 

« « 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Ti 2.0 - 5.0wt%, Cr 0.01 - 0.6wt%, Zr 0.01 - 0.2wt%, Fe 0.01 - 0.3wt%, nickel High intensity 
high electric conduction copper alloy characterized by containing 0.01 - 0.3 wt% and the remainder 
consisting of Cu and an unescapable impurity. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a high intensity high electric conduction copper alloy. 
As an application of this invention, it is suitable for the application of conductive spring ingredients, 
such as a connector, a relay, and a switch. 
[0002] 

[The conventional technique and a trouble] Conventionally, copper alloys, such as phosphor bronze, 
nickel silver, titanium copper, and beryllium copper, are used for conductive spring ingredients, such as 
a connector, a relay, and a switch. Although it has reinforcement and the property which was excellent 
to conductivity, beryllium copper has venenosity strong against beryllium, and since it needs a special 
manufacturing facility, it has the fault that a price is expensive. Moreover, there is a Cu-Ti alloy called 
titanium copper as an ingredient excellent in the stress relaxation characteristic which is the important 
property of a spring ingredient, and the Cu-Ti alloy which contains Ti 2.0 to 5.0% is especially used for 
the conductive spring ingredient. A Cu-Ti alloy has remarkable age-hardening nature, and although it 
has the reinforcement which is equal to beryllium copper, it has the fault with a little low conductivity. 
Moreover, if the content of Ti is raised in order to raise reinforcement, the problem to which 
conductivity falls will arise. The demand of the miniaturization of electronic parts and thinning is still 
stronger with the miniaturization of electronic equipment, and lightweight-izing in recent years. For this 
reason, the need of improving properties, such as reinforcement and conductivity, is approached also 
about the conductive spring ingredient. However, with the alloy which has age-hardening nature like a 
Cu-Ti alloy, if aging treatment of elevated-temperature long duration is performed in order to raise 
conductivity, the problem to which it becomes overaging and reinforcement falls will arise. 
[0003] 

[The technique of solving a trouble] In order to solve these problems, when examination which 
improves the property of a Cu-Ti alloy was performed, the alloy which has high intensity and high 
conductivity farther rather than a Cu-Ti alloy was able to be developed. Improvement in reinforcement 
was completed without reducing properties, such as conductivity and workability, by adding Cr and Zr 
of optimum dose into a Cu-Ti alloy. Conductivity was able to be raised without reducing reinforcement 
by adding Fe and nickel of optimum dose into a Cu-Ti alloy. That is, this invention is Ti. 2.0 - 5.0wt%, 
Cr 0.01 - 0.6wt%, Zr 0.01 - 0.2wt%, Fe 0.01 - 0.3wt%, nickel It is the high intensity high electric 
conduction copper alloy characterized by containing 0.01 - 0.3wt% and the remainder consisting of Cu 
and an unescapable impurity. 
[0004] 

[Detailed Description of the Invention] Ti - 2.0 - 5.0wt% - the included Cu-Ti alloy is a copper alloy of 
the aging precipitation-hardening mold which quenches after solution treatment, it is performing aging 
treatment, and a host phase and the adjusted detailed sludge generate, brings about remarkable age- 
hardening nature, and is excellent in reinforcement or spring nature. This invention is the copper alloy of 
the aging precipitation-hardening mold which has the high intensity and high conductivity which have 
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improved the reinforcement of a Cu-Ti alloy system, and conductivity further. Generally, with the alloy 
of an aging precipitation-hardening mold, if solution treatment is performed on condition that an 
elevated temperature or long duration, crystal grain will make it big and rough, and strong lowering and 
aggravation of workability will arise. On the contrary, the temperature of solution treatment does not 
pass low, or if the processing time is too brief, sufficient solution treatment cannot be performed. 
Moreover, aging treatment is performed at an elevated temperature, or if aging treatment is performed 
for a long time, conductivity will improve, but if it becomes overaging, reinforcement will fall. For this 
reason, although it is necessary to make the conditions of solution treatment and aging treatment proper 
according to the property of the target alloy system, with the presentation of an alloy, this condition is 
determined mostly and cannot be controlled freely. 

[0005] A Cu-Cr alloy and a Cu-Zr alloy are aging precipitation-hardening mold alloys as well as a Cu-Ti 
alloy. If Cr and Zr are added into a Cu-Ti alloy, aging precipitation hardening by Cr and Zr will also be 
produced, and reinforcement will improve as compared with a Cu-Ti alloy. Moreover, when Cr of 
optimum dose is added into a Cu-Ti alloy, there is effectiveness which controls big and rough-ization of 
crystal grain at the time of solution treatment. Furthermore, when Zr of optimum dose is added into a 
Cu-Ti alloy, there is effectiveness which controls the grain boundary mold deposit at the time of aging 
treatment, and controls softening by overaging. Conductivity can be raised without the aging treatment 
of an elevated-temperature long time becoming possible, and reducing reinforcement rather than a Cu-Ti 
alloy, if Fe and nickel of optimum dose are added into a Cu-Ti alloy. This is the conditions which they 
serve as overaging with a Cu-Ti alloy, and soften rather than the case of a Cu-Ti alloy since the aging 
treatment conditions taken for the compound containing Fe or nickel to carry out an aging deposit are 
elevated-temperature long duration, and is for hardening by aging deposit to arise again. Moreover, the 
effectiveness of preventing the lowering on the strength by overaging from the difference in the time 
amount which the deposit takes becomes remarkable by adding Fe and nickel simultaneously. 
[0006] Next, the presentation range of the alloy system of this invention is explained. In this invention, 
since aging precipitation hardening with the content of Ti sufficient less than [ 2.0wt% ] does not arise, 
the reason for having made the content of Ti into 2.0 - 5.0wt% is because reinforcement required for a 
spring ingredient is not obtained. Moreover, when the content of Ti exceeds 5.0wt(s)%, it is for 
workability and conductivity to get worse remarkably. The reason for having made the content of 0.01 - 
0.6wt% and Zr into 0.01 - 0.2wt% for the content of Cr is because the effectiveness that the content of 
Cr or Zr makes detailed respectively depressor effect of a grain boundary mold deposit and crystal grain 
at less than 0.01% is not acquired and reinforcement cannot be improved. If the content of Cr exceeds 
0.6wt(s)%, or if the content of Zr exceeds 0.2wt(s)%, in order that Cr or Zr may exceed the critical mass 
which can dissolve in copper, after performing solution treatment, the compound containing Cr, Zr, or 
Cr and Zr has already deposited, and this sludge is for it not only does not contributing to aging 
precipitation hardening, but worsening lowering of elongation, and workability. The reason for having 
made the content of Fe and nickel into 0.01 - 0.3wt%, respectively is because conductivity cannot be 
raised, without not acquiring the aging deposit effectiveness with the compound with which the content 
of Fe or nickel contains Fe or nickel at less than 0.01% respectively, but reducing reinforcement. If the 
content of Fe or nickel exceeds 0.3wt(s)%, since it will combine with Ti at the time of dissolution 
casting, the compound containing Ti, Fe, or nickel will deposit and solution-ization can do this sludge 
neither in homogenizing annealing nor solution treatment, it is for it not only does not contributing to 
aging precipitation hardening, but decreasing the solution-ized amount of Ti and bringing about strong 
lowering. Moreover, since elongation is reduced since it is hard, or this sludge worsens cold-working 
nature compared with a host phase and causes a crack at a room temperature, the content of Fe or nickel 
must not exceed 0.3wt(s)%. Although a pure gold group or a hardener is used for the raw material to be 
used, it is desirable for there to be few impurity elements. Since an active metal like Ti or Zr is included 
in the alloy of this invention, it is desirable to use a raw material with few gas constituents, such as 
oxygen. 

[0007] Next, the conditions of heat treatment are explained. Since an active metal like Ti or Zr which is 
easy to combine especially with oxygen is included in the alloy content of this invention, creation of an 
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alloy is dissolved in a vacuum or inert gas. Hot rolling is performed, after holding in temperature of 800- 
950 degrees C and performing homogenizing annealing, since the segregation at the time of coagulation 
produces the ingot which dissolved the'alloy, cast to metal mold and was obtained. The temperature of 
homogenizing annealing has temperature too low [ to fully homogenize ] at less than 800 degrees C. 
After holding and carrying out haplosis to the temperature of 800-950 degrees C, solution treatment is 
the approach of putting in underwater and cooling, and it is quenched and let it be a supersaturated solid 
solution. At less than 800 degrees C, it is too low, and temperature of solution treatment cannot make an 
alloy element fully dissolve, and temperature may not be able to carry out haplosis of it. The alloy 
element which was not able to dissolve serves as a sludge and becomes the cause of worsening lowering 
and workability of elongation. Moreover, if the temperature of solution treatment exceeds 950 degrees 
C, in order that crystal grain may make it big and rough, reinforcement falls and workability worsens. 
After cold-rolling the supersaturated solid solution obtained by solution treatment, aging treatment is 
held in temperature of 350-500 degrees C, and is performed. If aging treatment is performed, 
reinforcement and conductivity become high gradually, but since it will become overaging and 
reinforcement will fall if prolonged aging treatment is performed beyond the need, suitable conditions 
must be chosen. With a presentation, since the temperature and time amount of suitable aging treatment 
differ from each other, the trial which finds out suitable conditions for every presentation is performed. 
If the temperature of aging treatment exceeds 500 degrees C, the solubility to which an alloy element 
dissolves in copper will become large, and reinforcement and conductivity will fall. Moreover, although 
the temperature of aging treatment is possible for aging treatment at less than 350 degrees C, since 
processing of long duration is extremely needed, productivity worsens and it is industrially meaningless. 

[0008] Hereafter, the example of this invention is explained. 

[Example] The alloy presentation of this invention was blended, and it cast to metal mold after vacuum 
melting in graphite crucible using the RF vacuum melting furnace, and was made the 
30mmx80mmx 150mm ingot. The chemical entity presentation is shown in the 1st table. The ingot was 
heated at 900 degrees C after facing, hot rolling was performed after homogenizing annealing, and it 
considered as the plate with a width of face [ of 80mm ], and a thickness of 7mm, and facing was carried 
out and the defect of a surface scale etc. was removed. This was cold-rolled to 1.5mm in thickness, and 
it quenched underwater after solution treatment at 850 degrees C. Then, it cold-rolled to 0.6mm in 
thickness, and quenched underwater after solution treatment at 850 degrees C again. This was cold- 
rolled at the 50% of the last workability, and aging treatment was performed in the vacuum on 
conditions from which an age-hardening becomes a 0.3mm plate with max at finishing and the 
temperature within the limits of 350-500 degrees C. The aging treatment condition is shown in the 2nd 
table. Thus, about the obtained plate, tensile strength, elongation, Vickers hardness, and conductivity 
were measured. The result of having measured the aging treatment conditions and property is shown in 
the 2nd table. The workability shown in the 2nd table shows by x what the crack generated on the side 
during cold rolling, and shows by O what a crack did not generate on a side. Moreover, the result of the 
example of the comparison performed by the same approach is shown according to a table 1 and a table 
2. 

[A table 1] 
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[0009] On conditions from which an age-hardening serves as max in the alloy presentation of this 
invention, tensile strength is two or more [ 100kg //mm ], and conductivity is more than 13%IACS, and 
it is clear to have high intensity and high conductivity compared with the case where it is a comparison 
alloy presentation so that clearly from a table 1 and a table 2. Moreover, in spite of being high intensity, 
elongation is as large as 1 1.7% or more. Like the alloy numbers 7 and 8, with the alloy which does not 
contain Fe and nickel, conductivity is as low as 10 - 1 1%IACS, and it turns out that conductivity is bad 
by conditions from which an age-hardening serves as max. Moreover, like the alloy numbers 9 and 10, 
when either Fe or nickel is not included, compared with this invention alloy, the effectiveness which 
controls the lowering on the strength by overaging is small, and it becomes possible to maintain high 
intensity according to the synergistic effect of Fe and nickel. 

[0010] Since the content of Cr is less than [ 0.01 wt% ] by the alloy number 1 1 when this invention alloy 
of the alloy number 3 is compared with the comparison alloy of the alloy number 11, tensile strength is 
[ about / 6kg //mm / two ] low. Moreover, it is clear for tensile strength to fall remarkably that the 
content of Ti is less than [ 2.0wt% ], and to stop being suitable for the application of a spring ingredient 
like the alloy number 14. In the alloy presentation of this invention, although elongation is all 1 1.7% or 
more, if the presentation of Fe or nickel exceeds 0.3wt(s)%, elongation will fall to 5.7% or less like the 
alloy numbers 9, 10, 12, and 13. This is because the compound containing Ti, Fe, or nickel deposits, 
when the content of Fe or nickel exceeds 0.3wt(s)%. In the alloy presentation of this invention, the crack 
was not generated during cold rolling. When the presentation of Fe or nickel exceeds 0.3wt(s)% so that 
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clearly from the alloy numbers 10 and 13, it turns out that a crack occurs on a side during cold rolling, 

and workability worsens. 

[0011] 

[Effect of the Invention] By this invention, the high intensity high electric conduction copper alloy with 
reinforcement and the property excellent in conductivity suitable for a conductive spring ingredient can 
be obtained, without spoiling elongation and workability. 



[Translation done.] 
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/jh i: & & r ,u Fy ti , o - » Bffffi m # k 

[0 0 0 9 ] *l*J<fc^a23^6IB6>3^*J:5CC, 
W©££«J*Ctt, tt* cfe 5 ft^ffr 

tt, 5l!85fiffi^ 1 0 0 kq/mm J «±r*>«9, ^0^1$^ 

i 3 % i ac s tLhr * ^ v im^mtizcDmsictt^ 
fc, «5Sftr*5«:t^be)T % 1 1. 7%« 
Ni^^^ttt iWlO-l 1%IAC 

5tC, F eS/c»N i Ol>-rti^*$*&li»^« % 
*W/Jn3 < , F efc<fct>*N i ©ffii^*ec<fc oTJIHfta 
[0 0 10] ^^#3©#jfe?>te£4, 1 
W*#0. 0 1wt%*gt*^,/c^ 5l5S9Sg^6kg 



€>o #»9i©^£fflJ5£r« fc t*r*lfe<*tf*Sl 1.7% 
feLbr*4*s, -&^##9. 10, 12. 13(DJ;5 
CC, Fe*SWiNi(Dl^O. 3wt%£S;i6 

f#tf#5. 7%«T£<£T-r&, Ctltt, Fe*5 
WNiOttl^O. 3wt°/ 0 ^^(!:, Ti<bF 

fc. ^#-^1 0*5«fciyi 33^6IBe>*ttJ:5tc, Fe 
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